Supplementary Materials and Methods

Plant materials and growth conditions
Seedlings of Arabidopsis thaliana were grown at 22ºC with 16 h light per day (or in darkness for apical hook analysis) on vertical plates containing growth medium (GM): 1/2 MS (Duchefa Biochemie, Haarlem, The Netherlands); 0.05 % morpholinoethanesulfonic acid (Sigma-Aldrich); 1 % sucrose; 0.7 % agar (Duchefa Biochemie); pH 5.6. Short-term chemical treatments were performed in liquid GM, from which the agar was omitted. Two-day cold stratification of seeds was performed prior to seedling growth. The generation of the Arabidopsis lines axr1-30 (SAIL_904_E06) (1), pDR5::GUS (2), cul1-6 (3), cul3a-3cul3b-1 (4), cul4-1 (5) , tir1-1 (6) , tir1-1afb1-3afb3-4 (7) , AXR5/IAA1-LUC (8) , AXR3/IAA17-LUC (9) , pMSG2/IAA19::GUS (10), pSHY2/IAA3::GUS (11), pBDL/IAA12::GUS (11), GATA23::GUS (12), p35S::DII-Venus (13) , axr5-1 (14) , axr2-1 (15) , slr-1 (16) , shy2-2 (17) , axr3-1 (18) , brm-1 (19) , brm-2 (19) , brm-4 (20) and brm-5 (20) have been previously described. The SHY2/IAA3-LUC and AXR2/IAA7-LUC transgenic lines and the hkb1 and hkb1xbrm-5 mutants were created/identified in this work.
Chemical treatments
For the chemical biology screen, phenotypic screening was performed on a diverse set of 8,000 compounds (ChemBridge) in 24-well plates containing solid growth media supplemented with chemicals dissolved in dimethyl sulfoxide (DMSO) at 17 µM. Arabidopsis seedlings of Col-0 and axr1-30 were grown side by side (in the same well) for 5 days in the wells. DMSO controls were present in each plate. Compounds were selected for their capacity to alter development of Col-0 without affecting axr1-30. The 34 hits were repeated three times using DMSO and 1-Naphthaleneacetic acid (NAA) as negative and positive controls. Dose responses were performed in 24-well plates from newly ordered compounds using the ChemBridge identification number (CBID, www.hit2lead.com). Stock solutions of the RNs and all other compounds used were dissolved at 10 mM in DMSO for all further experiments. For the ChemBridge IDs of RN1-4, see Table S2 . DMSO treatments were used in equal volume as solvent control. For germination and growth of seedlings on chemicals, seeds were sown directly on chemical-supplemented media. Short-term chemical treatments were performed in liquid GM, from which the agar was omitted.
Chemical synthesis of RN1, RN3 and RN4 and purity assessments of the four RNs
We synthesized the four RN compounds with confirmed chemical identities and their purities in stock solutions were estimated to be higher than 97.99% (Supplementary document 1).
Adventitious root induction in poplar
The poplar lines used in this study were the Populus tremuloides x tremula hybrid aspen clone T89 (21) and lines number 19 and 35 from the Swedish Aspen (SwAsp) collection of natural populations of P. tremula (22) . In vitro clonal propagation of the lines was performed by transferring shoot cuttings from 4-w-old in vitro plants to fresh ½ MS medium (Duchefa Biochemie) at pH 5.6 with 0.27% Phytagel (Sigma) and maintaining the cuttings on a day/night cycle of 16 h at 22 °C / 8 h at 18 °C. Cuttings were kept in shade by covering with white paper until 2 weeks old, after which the paper was removed. Stock solutions of 10 mM indole-3-butyric acid (IBA), RN1 and RN3 were made in DMSO. For poplar chemical treatments, 7 cuttings per line and treatment were propagated as usual, but to medium supplemented with solvent (control) or 1 µM or 5 µM IBA, RN1 or RN3 and 4 biological replicates were performed, on different weeks. Nine days after treatment, all cuttings were transferred to fresh treatment-free medium and growth was continued for 3 more weeks. The number of adventitious roots per cutting was counted 4 weeks after treatment.
Moss growth tests
Physcomitrella patens, subspecies patens, strain Gransden 2004, was used. Protonemal tissue was cultivated as described previously (23) . Small pieces of protonemal tissue were shaped into 1 mm balls and inoculated on solid BCD medium with supplements as described in the results section, six balls per plate. DMSO solvent controls were included. Buds and gametophores were counted after 1 and 2 weeks of growth using a dissecting microscope. After 4 weeks, colonies were photographed and a subset of large gametophores formed outside the original inoculum of each colony was harvested, examined and photographed.
Stability of the RN compounds
Five-d-old Arabidopsis seedlings were transferred to liquid media containing RN-compounds (50 µM) or DMSO as mock control. Treatment media were collected directly after solubilization of the molecules and after 24 h in the presence or absence of the plants. Whole seedlings were collected in three replicates after 24 h treatments, immediately frozen in liquid nitrogen and stored at -80°C until extraction. For quantification of RNs and their associated free acids, the growing media were diluted 1/10 by methanol, 2 µl was injected onto a reversed-phase column (Kinetex C18 100A, 50 x 2.1 mm, 1.7 μm; Phenomenex) and analyzed by liquid chromatography-tandem mass spectrometry (LC-MS/MS), see below. The second set of samples (approx. 100 mg plant material fresh weight) was extracted in 1 ml of methanol using a MixerMill MM 301 bead mill (Retsch GmbH) at a frequency of 29 Hz for 10 min after adding 2 mm ceria-stabilized zirconium oxide beads. The plant extracts were incubated at 4°C with continuous shaking (10 min), centrifuged (15 min, 23 000 g at 4°C), divided into three technical replicates and purified by liquid-liquid extraction using Hexan:Methanol:H2O (1:2:0.1) to remove impurities and the sample matrix. After 15 min incubation, the methanolic fractions were removed, evaporated to dryness in vacuo and dissolved in 100 μl of methanol prior to LC-MS/MS analysis, using a 1290 Infinity LC system and a 6490 Triple Quadrupole LC/MS system with Jet Stream and Dual Ion Funnel technologies (Agilent Technologies). After injection (2 µl), the purified samples were eluted using a 5 min gradient comprised of 0.1% acetic acid in methanol and 0.1% acetic acid in water at a flow rate of 0.5 ml min -1 , and column temperature of 40°C. The following binary linear gradient was used: 0 min, 10:90 A:B; 9.0 min, 95:5 A:B. At the end of the gradient, the column was washed with 100% methanol (0.5 min), and reequilibrated to initial conditions (1 min). The effluent was introduced into the MS system with the optimal settings as follows: Drying Gas Temperature, 150°C; Drying Gas Flow, 16 l min -1 ; Nebulizer Pressure, 40 psi; Sheath Gas Temperature, 375°C, Sheath Gas Flow, 12 l min -1 ; Capillary Voltage, 3000 V; Nozzle Voltage, 0 V; Delta iFunnel High/Low Pressure RF, 110/60 V; and Fragmentor, 380 V. Quantification and confirmation were obtained by the various MRM diagnostic transitions of the precursor and the appropriate product ions using optimal collision energies and 50 msec dwell time ( Fig. S4B ). Chromatograms were analyzed using MassHunter software (version B.05.02; Agilent Technologies), and the compounds were quantified by according to their recovery listed in Fig S4C. 
GUS assays
Seedlings of Arabidopsis expressing GUS were fixed in 80% acetone at -20 °C for 20 min and washed with 0.1 M phosphate buffer (Na2HPO4 / NaH2PO4) at pH 7. Samples were transferred to GUS staining solution: 2 mM X-GlcA (Duchefa Biochemie) in GUS buffer (0.1 % triton X100; 10 mM EDTA; 0.5 mM potassium ferrocyanide; 0.5 mM potassium ferricyanide) in the dark at 37 °C. The staining reaction was stopped using 70 % ethanol and the seedlings were mounted in either 50 % glycerol or a mixture of chloral hydrate: glycerol: H2O (8:3:1). Samples were observed using a Zeiss Axioplan.
Molecular modeling
Docking experiments were performed using SwissDock (24) (25) with the ZINC ID of the RNs (RN1: ZINC2978909; RN2: ZINC19770708, ZINC19770709; RN3: ZINC11461779; RN4: ZINC01160095) and 2P1Q crystal structure of TIR1 with the DII domain of AXR2/IAA7 (26) . The best conformation was chosen according to the FullFitness (Kcal/mol). The input geometries of the ligands coming from docking analysis were optimized inside of the auxin binding surface of TIR1 using density functional theory calculations including dispersion correction terms (DFT-D3) to better understand the supramolecular associations (27) . The corresponding binding energies for every conformation of each ligand were calculated using Hybrid-DFT-D3. The analysis of the binding energies considered the intrinsic binding energy of the ligand and the binding surface as well as the solvation energies and van der Waals (VdW) forces.
In vitro pull-down assays
The in vitro pull-down assays, with epitope-tagged TIR1 expressed with TnT-T7 coupled wheat germ extract (Promega), were performed as described previously (7, 28) . TIR1-myc protein was incubated with bacterially expressed GST-AUX/IAA beads in pull-down buffer (25 mM Tris-HCl pH 7.5; 150 mM NaCl; 0.05 % Igepal (Sigma-Aldrich); 10 % Glycerol; 1 mM DTT; 1 mM PMSF; 20 µM MG-132 (Sigma-Aldrich); Protease Inhibitor Cocktail (Roche)) in the presence of DMSO or the compounds at 50 μM for 3 h at 4°C. After washing, proteins were eluted using reduced glutathione (Sigma-Aldrich), separated using SDS-PAGE and visualized using Ponceau staining for the GST-AUX/IAA proteins and anti-c-Myc-peroxydase (Life Technologies) for TIR1-myc. The amount of TIR1-myc in the complex was determined by western blot using antimyc. The quantity of TIR1-myc pulled down is representative of the strength of co-receptor complex formation. In-vitro pull-down assays with insect cell-expressed epitope-tagged TIR1 were performed using a similar protocol as described previously (29) . His-MBP-FLAG -TIR1 proteins were produced using recombined baculovirus with Trichoplusia ni host cells and purified as previously reported (30) . GST-AXR2/IAA7 has been described previously (31) . GST-AXR3/IAA17 was constructed by ligating the gene coding sequence as a BamH1-XhoI fragment into pGEX-4T-2 following PCR amplification with the following primers: BHIAXR3 5'-GTGGATCCGGCAGTGTCGAGCTGAAT-3' and AXR3XHOI 5'-GTCTCGAGTCAAGCTCTGCTCTTGCA-3'. GST-IAA proteins were purified and immobilized on Sepharose 4B beads (GE Healthcare) as described previously (29) . Pull-down assays were performed by incubating His-MBP-FLAG -TIR1 protein with Sepharose-GST-IAA beads in extraction buffer (EB; 150 mM NaCl, 100 mM Tris pH7.5, 0.5% NP-40, 10 mM DTT, 1 mM PMSF, 10 µM MG-132) in the presence of DMSO or compounds at 50 μM for 2h at 4°C. After washing, proteins were eluted with hot (70°C) 1 x NuPage LDS sample buffer with 1 x NuPage reducing agent (Life Technologies), separated by SDS-PAGE (NuPAGE Novex 4-12% Bis-Tris gel/ 1 x NuPage MES buffer, Life Technologies) and visualized using Ponceau staining for the GST-AUX/IAA proteins and anti-Flag M2 Peroxidase antibody (Sigma) for His-MBP-FLAG -TIR1.
Creation of the transgenic lines for in vivo AUX/IAA degradation assay
For SHY2/IAA3, site-directed mutagenesis was used to create a silent mutation (coding nt 489 A to C), removing an internal NcoI site in SHY2/IAA3 cDNA (ABRC, C00011). The ORF was then PCR amplified using 5' primer (3-104, GGCGGTACCAATGGATGAGTTTGTTAACC) and 3' primer (3-105, GGCGCCATGGCTACACCACAGCCTAAACC) to introduce a Kpn site 5' of the start site and at the 3' end to remove the stop codon and replace it with an NcoI site. The product was digested with KpnI and NcoI and ligated into a pGREENII-based plasmid containing a KpnI and NcoI site between the 5' UBQ10 flanking region and a luciferase coding region as described previously (8) , placing the SHY2/IAA3 ORF in-frame with the LUC coding region. For AXR2/IAA7, site-directed mutagenesis was used to create a silent mutation (coding nt 525 C to T), removing an internal BspHI site in AXR2/IAA7 cDNA (ABRC, C00014). The ORF was then PCR amplified using 5' and 3' primers (3-122, GGCGGTACCAATGATCGGCCAACTTATG) and (3-123, GGCGTCATGACAGATCTGTTCTTGCAGTAC), respectively, the PCR product digested with Kpn and BspHI and ligated into the same pGREENII-based plasmid (above). Both ORFs were sequence verified, the plasmids introduced into Arabidopsis thaliana ecotype Col and multiple lines segregating for a single insertion were made homozygous as described previously (8) . Transgenic lines expressing AXR5/IAA1-LUC (8) and AXR3/IAA17-LUC were described previously (9) .
Luciferase assay
Seeds of each genotype were sown individually in flat-bottom white Polystyrene 96-well plates (Fisher Scientific) containing 100 µL GM. After 7 days, the GM was replaced by 40 µL Bright-Glo luciferase assay system (Promega) diluted 10 times in GM (luciferine solution; LS) and the plates were incubated for 30 min. At zero time point, compounds dissolved in LS were added to each well to a final concentration of 50 µM in 50 µL. Single seedling light emission was recorded for 5 min at the indicated time point using a LAS-3000 (Fujifilm). The natural log of the normalized relative light unit (RLU) was calculated as described previously (32) . The degradation rate k (min -1 ) was used to compare the different treatments, with k being the slope of the degradation curve ( Fig. S6 ) between 5 and 40 min.
RNA sequencing
The transcriptomic responses induced by the RNs were investigated by RNA-Seq, using an Arabidopsis thaliana ecotype Col-0 cell suspension culture (33) . Treatments were carried out in a 100 ml flask on a shaker at 110 rpm, with 20 ml of a 3-d-old freshly subcultured cell suspension elicited by either RN3, RN4, or IAA at a final concentration of 50 µM for 30 min. Cells in the liquid medium were harvested by passing the culture through Whatman filter paper in a funnel under vacuum for 10 sec. DMSO (0.5% v/v) treatment was used as the mock control.
Three biological replicates were produced in this way. All the samples were immediately frozen in liquid N2 upon harvesting and stored at -80 °C. Total RNA was extracted using RNeasy Plant Mini Kit (QIAGEN) and genomic DNA was eliminated using RQ1 RNase-Free DNase I (Promega) on-column digestion. The RNA quality was examined by an Agilent 2100 Bioanalyzer system, with an RNA integrity number (RIN) ≥ 8. The construction of the sequencing libraries using the TruSeq stranded mRNA sample prep kit with polyA-selection (Illumina Inc.) and the 125 cycle paired-end sequencing of the 12 libraries in two lanes using the HiSeq system (Illumina Inc.) were performed by NGI (National Genomics Infrastructure) SNP&SEQ Technology Platform at the Uppsala University according to the standard protocols. The reads from each sequencing library were aligned to the Arabidopsis thaliana (The Arabidopsis Information Resource 10, TAIR 10) (34) genome using the Subreadalign aligner (35) . The mapped reads were converted to gene counts using the featureCounts function (36) . These steps were both done using R/Bioconductor package Rsubread version 3.1 (37) (38) (39) . In order to take into account the difference in the sequencing depth between libraries, the libraries were normalized using a weighted trimmed mean method available from the package edgeR (40) . All genes expressed in the 3 replicates and at least two counts per million mapped reads were considered. To estimate differentially expressed genes (DEGs) between the treatment and the DMSO control, data were modeled as a multifactorial experiment and Limma (41) was used to assess differential gene expression. In the modeling, we used the replicate as a batch factor. Genes were considered as statistically significant DEGs if the adjusted p-values after FDR (False Discovery Rate) correction for multiple testing were lower than 0.05. Identified DEGs were clustered using Venn diagrams (http://bioinformatics.psb.ugent.be/webtools/Venn/) and expression pattern and auxin response of candidates were analyzed using the Arabidopsis eFP (http://bar.utoronto.ca/efp/cgi-bin/efpWeb.cgi).
Confocal microscopy
Seedlings of the p35S::DII-Venus line were transferred to GM without agar containing chemicals. Seedlings were mounted in their treatment medium and images were acquired using a Zeiss LSM 780 confocal microscope with a LCI Plan-Neofluar 25x/0.8 Imm Corr DIC M27 objective. The Venus fluorescent protein was excited at 514 nm with an Argon laser.
Forward genetic screen
Mutagenesis was performed using ethyl methanesulfonate (EMS) at 24 mM final concentration on 10,000 seeds of Col-0 as described previously (42) . M1 plants were harvested by bulk of 25 plants per pool. M2 seedlings were first screened for resistance to the effect of 0.5 µM RN4 on apical hook development in the dark and the isolated mutants were then screened for sensitivity to 75 nM 2,4-D in the light. The hkb1 mutant, which was selected for resistance to RN4 and sensitivity to 2,4-D, was then backcrossed twice with Col-0. Genomic DNA for whole genome sequencing was extracted from a pool of 25 plants using the E.Z.N.A.® Plant DNA Kit (Omega Bio-tek).
DNA sequencing
The DNA sequencing data has been deposited at the European Nucleotide Archive (www.ebi.ac.uk/ena) under the accession number: PRJEB21529. The construction of the DNA-350 sequencing libraries using the TruSeq Library construction Kit (Illumina Inc.) and the paired-end sequencing of the libraries using the HiSeq PE150 system (Illumina Inc.) were performed by Novogene according to standard protocols. The data pre-processing was performed as follows: first the quality of the raw sequence data was assessed using FastQC (http://www.bioinformatics.babraham.ac.uk/projects/fastqc/), v0.11.4. Data were then filtered to remove adapters and trimmed for quality using Trimmomatic (v0.36; (43); settings TruSeq3-PE-2.fa:2:30:10 SLIDINGWINDOW:5:20 MINLEN:50). After that filtering step, FastQC was run again to ensure that no technical artefacts were introduced. The reads were then aligned to the Arabidopsis thaliana (TAIR 10) (34) genome using BWA-MEM version 0.7.8 (44) with the following non-default parameters: -k 32 -M -R. The obtained BAM files were then used as input for variant analysis using GATK version 3.4-46 (45) . Briefly, duplicate reads were marked using the Picard (46) library MarkDuplicatesWithMateCigar tool before the reads were further preprocessed using the GATK BaseRecalibrator, RealignerTargetCreator and IndelRealigner tools. BaseRecalibrator used the SNP gold standard for Arabidopsis thaliana retrieved on January 26 th , 2017. The de-duplicated, recalibrated, realigned BAM files were then used as input to GATK UnifiedGenotyper. The obtained VCF files were further analyzed using ad-hoc R scripts and visualized in JBrowse (47) . To identify the causative variant, only SNPs that could have been triggered by the EMS treatment and having an allele frequency of 1 (homozygous) were kept. The effect of these SNPs was then evaluated using snpEff (48) and the remaining candidates manually evaluated.
Plant genotyping
Genomic DNA from brm-5 and hkb1 was extracted as previously described (49) . PCR was performed using the primers 5´-GAACTTTGCGTGATTACCAGC-3´ and 5´-GACCTTCCTTGTCGATTCTCC-3´. The PCR product was purified using the QIAquick PCR Purification Kit (Qiagen). To identify the point mutations in the mutants, the PCR product was sequenced using the primers 5´-CCTTCTTTTTGAAAGGGTTGC-3´ and 5´-TGGCCTGTCCTCTGTAGCTT-3´ for brm-5 and hkb1, respectively.
Image processing
Figures were designed using Adobe Illustrator. Seedling images were acquired using a flatbed scanner Epson V600 when grown in the light and according to (50) when grown in the dark. Cropping and whole-picture contrast enhancement were done using ImageJ1.50f following the same settings for each panel. Quantification of band intensity in pull-down gel images was performed using ImageJ. Drawings were realized using Inkscape0.48. Movie S1 was realized using Chimera1.10rc.
Statistical analysis
Biological replicates were performed on different days. Primary root length and hypocotyl length were measured on 7-d-old seedlings. Lateral root density was measured on 8-d-old seedlings. Apical hook angle was measured during the first six days of skotomorphogenesis using ImageJ (51) . For statistical analyses of data, ANOVA and Tukey's test were performed using R (37), while two sided independent t-tests were performed using Excel (Microsoft Office). Hit selection on potency
E3 ubiquitin ligases (E3 ligases)
Regulation of plant development and adaptation to environmental and endogenous stimuli Lateral root number IAA--TIR1 Trp--TIR1 2,4-D--TIR1 2,4, 5-T--TIR1  RN1--TIR1   RN3--TIR1  RN3-4--TIR1  RN4--TIR1  RN4-1--TIR1  RN4 Movie S1. Molecular modeling view. The movie represents the crystal structure of TIR1 (Gray), IAA (red), and the DII domain of IAA7 (green). The first sequence shows the best docking probability obtained for RN1 (yellow), RN2 (purple), RN3 (cyan), RN4 (orange) and RN4-8 (pink). The second sequence shows two chosen molecules for RN1 (yellow), RN3 (cyan) and RN4 (orange), corresponding to the best docking conformation, next to the conformation which thermodynamically stabilized TIR1 without the DIIdomain of IAA7.
Dataset S1. RNAseq results for Arabidopsis cell suspension culture treated with IAA, RN3 and RN4. Column A indicates the gene ID. Column B, C and D indicate the induction ratio between the treatment and DMSO for RN3, RN4 and IAA respectively. Columns E, F and G indicate up-regulation (1), down-regulation (-1) or no difference compared to the DMSO for RN3, RN4 and IAA respectively.
Supplementary Document
Chemical Synthesis and Characterization
General experimental information
Unless stated, all reagents and solvents were used as received from commercial suppliers.
All HRMS was performed by using a mass spectrometer with ESI-TOF (ES+).
Chemical synthesis of hit molecules RN1, RN3, RN4 and their analogs
The hit molecule RN2 was purchased from ChemBridge and purity data of this molecule is included.
Synthesis of hit molecules RN1, RN3 and SAR:
2.1.1 General procedure for the synthesis of hit molecules RN1, RN3 and SAR: Sodium hydride (60% in paraffin, 2.0 mmol) was stirred for 5 min in hexane under argon atmosphere, and then the solvent was removed by a syringe followed by evaporation with a vacuum pump. This similar process was repeated three times then the sodium hydride residue was suspended in tetrahydrofuran (5 mL) and the mixture was allowed to cool to 0 °C. To this mixture was added a solution of substituted phenol (2.0 mmol) in tetrahydrofuran (3 mL) dropwise over 5 min, and the mixture was stirred for 5 min at the same temperature. Then the mixture was allowed to warm to room temperature and stirred for an additional 15 min. A solution of ethyl-2-bromopropanoate (4.0 mmol) in tetrahydrofurane (2 mL) was added and the mixture was stirred for 14 h. The reaction mixture was acidified by 2 M hydrochloric acid and extracted with EtOAc. The organic layer was washed with brine, dried over anhydrous sodium sulfate, and concentrated in vacuum. The residue was purified by silica gel column chromatography (n-heptane/EtOAc: 9/1) to give pure products (1a-c) (52). min under nitrogen atmosphere. To this was added dropwise a solution of tertbutyldimethylsilyl chloride (4.25 g, 31.65 mmol) in anhydrous THF (12 mL) and the reaction mixture was gradually warmed to room temperature and stirred for 2 h. The reaction mixture was cooled to 0 o C and crushed ice was carefully added to quench the reaction. This was extracted with EtOAc (50 mL) and the combined extracts were washed with brine (10 mL), dried over Na2SO4 and concentrated in vacuo. The residue was purified by flash column chromatography (EtOAc/n-Heptane 0:100 to 10:90) to yield the title compound (5.5 g, 91%) as a dark yellow, viscous oil. Ethyl acetate (20-40 %), to afford pure products (86 % to 92 %). 
General experimental procedure for the synthesis of substituted phenoxyaceticacid (2a-2c):
Experimental procedure for the synthesis of substitutedphenoxy)-N-(2-((tertbutyldimethylsilyloxy)methyl)phenyl)propanamide:
Experimental procedure for the synthesis of 2-(4-bromo-3,5-dimethylphenoxy)-N-(2-(hydroxymethyl)phenyl)acetamide OR 2-(4-bromo-3,5-dimethylphenoxy)-N-(2-(hydroxymethyl)phenyl) -N-methylacetamide:
